Lactate accumulation rather than ATP depletion predicts ischemic myocardial necrosis: implications for the development of lethal myocardial injury.
In ischemia, the myocardial metabolic status determines the expansion of necrosis. Decreased ATP levels and increased lactate contents in ischemic myocardium undergoing lethal injury are known to be related to the expansion of irreversible damage. However, their individual contributions have not yet been firmly established. Using two differently effective protocols of ischemic preconditioning (IP short and IP long), ischemic cardioplegic arrest (CP) and their combination (IP+CP) to directly influence the metabolic status of porcine myocardium, graded preservations in ATP content and decreases in lactate accumulation during 45 min ischemia could be achieved (control: ATP, 0.15+/-0.03; lactate, 60.53+/-4.89 micromol/g wet weight; IP short, 0.33+/-0.10/27.42+/-3.90; IP long, 0.60+/-0.10/17.49+/-2.14; CP, 0.98+/-0.12/11.82+/-0.96; IP+CP, 2.24+/-0.28/10.88+/-0.89; all P<0.001 vs. control). At the same time, a graded reduction of myocardial necrosis was observed (90.0+/-3.1 vs. 31.7+/-4.55 vs. 5.05+/-2.1 vs. 0.0 [isolated patchy necroses] vs. none). Regression analysis revealed only a weak correlation of infarct size and ATP preservation (r=0.567). In fact, there was a biphasic relation: with ATP levels above 1 micromol/g wet weight, no infarction occurred. ATP levels below this threshold value were associated with steep increase in infarct size. However, even for this latter range, the regression coefficient remained low (r=0.654). Instead, over the entire range, there was a close, rectilinear correlation of infarct size and lactate accumulation (r=0.939). These data indicate that lactate accumulation rather than ATP depletion determines the development of lethal myocardial injury. However, the biphasic relation between ATP depletion and infarct size suggests the latter to play a permissive role, since above a threshold value of 1 micromol/g wet weight neither substantial lactate accumulation nor infarction was observed. Below this threshold, however, infarct size increased as lactate accumulated.